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1.  INTRODUCTION 


The  propellant  LGP1846  is  used  in  the  155-inni  liquid  propellant  gun  (LPG).  It  is  an  aqueous, 
stoichiometric  mixture  of  the  salts  hydroxylammonium  nitrate  (HAN)  and  tiiethanolarmnonium  nitrate 
(TEAN).  The  HAN:TEAN  weight  ratio  is  3.17,  water  content  is  20  weight-percent,  and  the  mixture  is 
colorless  and  odorless.  Since  both  HAN  and  TEAN  are  the  salts  of  weak  bases  and  strong  acids,  the 
propellant  is  acidic  and  both  oxidizing  and  reducing  ions  are  available  to  react  with  any  material  added 
to  the  mixture.  The  highly  desirable  physical  and  chemical  properties  of  the  propellant  (Decker  et  al. 
1987;  Klein,  to  be  published)  are  the  result  of  its  composition  and  any  modification  should  be  approached 
cautiously  because  a  seemingly  innocuous  change  in  composition  could  compromise  one  or  mote  of  these 
properties. 

Factor  3.5.9,  Recognition,  of  the  Cannon  Artillery  Propulsion  Evaluation  Han  (CAPEP),  calls  for  the 
propellant  to  have  a  distinctive  color  and  odor  in  order  to  facilitate  identification  by  field  personnel.  The 
colorless  and  odorless  LGP1846  must,  therefore,  be  modified  in  order  to  satisfy  this  requirement.  This 
report  addresses  the  rationale  used  in  selecting  potential  colorants  and  odorants,  and  presents  some  of  the 
data  obtained  with  suitably  modified  propellant. 

2,  EXPERIMENTAL 

It  was  assumed  from  the  outset  that  the  propellant  was  to  remain  homogeneous,  since  this  property 
permits  pumping  of  propellant  charges  into  the  gun  without  concern  about  uniformity  of  composition. 
The  concept  of  a  single  additive  that  would  provide  both  color  and  odor  to  the  LGP1846  mixture  was 
considered  impractical,  and  as  a  result,  each  additive  is  addressed  separately. 

2.1  Color.  The  water  miscibility,  acidity,  and  reactivity  of  the  propellant  limits  selection  of  a 
potential  colorant  to  one  that  is  water  soluble,  is  readily  visible  in  acidic  media,  and  is  not  easily  oxidized 
or  reduced.  These  requirements  reduce  the  myriad,  water-soluble  dyes  to  a  relatively  small  group,  because 
the  acidic  form  of  many  of  the  dyes  produce  colors  in  the  colorless-to-yellow  range.  Of  tiie  compounds 
remaining,  the  triphenylmethane  dyes,  such  as  Methyl  Violet,  Malachite  Green,  and  Crystal  Violet  are 
readily  oxidized  and  propellant  samples  colored  with  these  dyes  fade  to  colorless  in  approximately  a  week. 
The  thiazine  dyes  are  probably  the  best  candidates  for  a  propellant  colorant  (Lubs  19SS).  A  general 
structural  formula  for  these  dyes  is  shown  in  Ftgure  1. 
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The  specific  color  obtained  is  dependent  on  the  fimctional  groups,  shown  as  R  in  Hgure  1.  The  anion 
X  does  not  affea  color  significantly,  but  can  influence  the  solubility  of  the  compound.  The  first  of  the 
thiazine  dyes  was  Lauth’s  Violet  in  which  R  is  hydrogen.  Methylene  Blue,  in  which  R  is  CH,  and  X  is 
chloride,  was  prepared  in  1877  (German  Patent  1886).  Other  examples  of  thiazine  dyes  are  Thionine  Blue, 
Methylene  Green,  and  Methylene  Violet  (although  the  best  known  and  most  widely  used  is  Methylene 
Blue).  The  color  range  of  the  various  dyes  in  acidic  solutitm  is  violet  to  green,  and  they  are  rmt  easily 
oxidized  or  reduced.  The  absorption  spectrum  of  Methylene  Blue  dissolved  in  propellant  is  shown  in 
Figure  2.  Molar  extinction  coefficient  at  665  run  is  50,119  M**  cm  '  so  diat  a  propellant  sample  1  cm 
thick  containing  10  pinn  of  dye  will  absorb  99.3%  of  die  incident  li^t  at  this  wavelength. 

Of  greater  practical  interest  than  the  absorption  ^wctium  is  how  the  propellant  containing  the  dye 
appears  to  the  eye.  Figure  3  shows  5-mm-duck  samples  of  LGP  1846,  containing  10,  30,  and  1(X)  ppm 
Methylene  Blue. 

Since  commercially  available  Methylene  Blue  is  the  chloride  salt,  it  should  be  converted  to  nitrate 
because  the  presence  of  chloride,  even  in  small  quantities,  inhibits  propellant  combustion  (Klein  and  Sassd 
1980).  The  nitrate  salt  was  prepared  by  reaction  of  "certified"  grade  Mediylene  Blue  (Aldrich  86,124-3)' 
with  a  stoichiometric  quantity  of  aqueous  silver  nitrate.  The  resultant  AgQ  precipitate  was  removed  by 
filtration,  and  die  Mediylene  Blue  solution  concentrated  at  lOCP  C  until  the  nitrate  salt  crystallized.  The 
green-brown  iridescent  crystals  are  staUe,  and  quite  soluble.  As  seen  in  Hgure  3,  a  rich,  Uue  color  is 
produced  diat  is  pale,  but  distincdy  visible  at  10  ppm  of  d^.  It  would  seem  doubtful  that  a  color  as  deq> 
as  that  obtained  at  30  ppm  would  be  needed.  All  of  die  samples  shown  in  Hgure  3  appear  black  vdien 
viewed  in  red  light 

'  Aldrich  Chemical  Company,  Milwaukee,  WI 
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Figure  2.  The  Absorption  Spectrum  of  Medivlene  Blue  in  LGP1846. 


10  ppm 


30  ppm 


100  ppm 


Figure  3.  LGP1846  Containing  10.  30.  and  100  ppm  Methylene  Blue. 
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2.2  Odor.  It  is  expected  that  the  propellant  will  be  shipped  and  stored  in  distinctive,  readily 
identifiable  containers.  If  the  LGP1846  is  colored,  the  purpose  of  an  odorant  is  not  to  identify  the 
propellant,  but  ratfier  to  alert  operational  personnel  that  the  material  has  been  spilled.  The  odor  should 
be  well  removed  from  those  commonly  encountered  and  quite  possibly  urqileasant.  The  addition  of  an 
intensely  odoriferous  compound  to  the  propellant  mixture  would  satisfy  the  requirement,  but  a  second 
approach,  in  which  an  odor  is  created  only  when  the  material  comes  in  contact  with  skin,  the  ground,  or 
the  vehicles  in  which  it  is  transported  or  used,  should  also  be  considered. 

Selection  of  a  stable,  propellant  soluble,  highly  malodorous  additive  presents  the  same  problems  that 
were  addressed  in  selecting  a  colorant.  Aldehydes,  ketortes.  and  esters  are  not  stable  in  LGP1846,  and 
amines  will  be  converted  to  their  odorless  ammonium  ions.  Organic  sulfur  compounds  might  be  suitable, 
and  a  potential  odorant  is  2-mercaptoethanol,  HS-CHjCHj-OH.  The  compound  is  reasonably  water 
soluble,  and  possesses  a  sufficiently  unpleasant  odor  to  be  readily  identified.  Although  both  the  SH  and 
OH  groups  should  be  susceptible  to  oxidation,  preliminary  tests  indicate  that  LGP1846  saturated  with 
2-mercaptoethanol  retains  its  odor  after  2  years  storage  at  room  temperature.  The  specific  concentration 
of  2-mercaptoethanol  needed  to  produce  an  acceptable  odor  level  is  not  known,  but  is  expected  to  be 
higher  than  the  dye  concentrations  discussed  earlier.  The  addition  of  parts  per  thousand  of  sulfur  to  the 
propellant  mixture  could  affect  performance  and  could  cause  deterioration  of  gun  components.  If  an 
odorant  of  this  type  was  to  be  seriously  considered,  storage  stability  at  elevated  temperatures  and 
deleterious  effects  on  performance  and/or  gun  components  would  have  to  be  determined. 

The  second  approach  suggested,  although  seemingly  more  complex,  is  in  fact,  more  direct  and  poses 
few  potential  problems.  Replacement  of  1%  of  the  THAN  in  LGP1846  by  trimethylammonium  nitrate 
(TMAN),  the  nitrate  salt  of  trimethylamine,  results  in  a  mixture  of  composition  60.81%  HAN,  18.19% 
TEAN,  1.00%  TMAN,  and  20%  water.  TMAN  is  stable  and  acts  as  a  fuel  during  combustion  in 
essentially  the  same  manner  as  TEAN.  In  faa,  TMAN  was  the  fuel  component  of  the  propellant 
LGP1776,  a  precursor  of  LGP1846.  The  LGP1776  mixture  was  replaced  with  LGP1846  because  the 
extensive  hydrogen-bonding  induced  by  the  presence  of  TEAN  increases  density  and  improves  low 
temperature  properties.  Thermochemical  calculations  indicate  that  the  performance  of  the  modified 
LGP1846  mixture  differs  from  that  of  LGP1846  by  about  0.3%.  TMAN  and  the  proposed  mixture  is 
odorless,  but  trimethylamine  has  a  strong,  unpleasant  odor  and  is  detected  in  the  parts  per  billion  range. 
The  acidity  of  the  propellant  is  comparable  to  that  of  lemon  juice  or  vinegar  and  is  reduced  if  the  mixture 
comes  in  contact  with  common  surfaces,  such  as  skin,  clothing,  the  ground,  or  the  walls  or  floor  of  a 
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vehicle.  Under  such  conditions,  the  dissociation  of  TMAN  will  shift  from  the  trimethylammonium  ion 
toward  trimethylamine,  thereby  creating  the  odor.  Replacement  of  1%  of  the  TEAN  with  TMAN  is  not 
expected  to  cause  significant  deterioration  of  the  physical  properties  of  the  mixture. 

The  presence  of  an  odorant,  either  a  permanent  one  or  one  produced  by  spillage,  could  create  an 
essentially  self-defeating  situation.  Olfactory  sensitivity  to  compounds  of  the  type  suggested  is  extremely 
high  and  they  will  be  detected  if  their  concentration  in  air  is  in  the  parts  per  billion  range.  Once  released, 
the  odor  may  be  extremely  difficult  to  remove.  As  a  result,  the  area  around  the  gun  might  acquire  a 
permanent  odor,  making  it  virtually  impossible  to  detect  a  fresh  spill. 

3.  CONCLUSIONS  AND  RECOMMENDATIONS 

The  presence  of  both  color  and  odor  in  the  propellant  helps  identify  the  material  and  alerts  personnel 
to  spills  or  other  inadvertent  release.  In  doing  so,  die  problem  of  color  and  odor  removal  is  also  created. 
Color  will  be  diluted  and  removed  by  washing  with  water,  a  recommended  method  of  propellant  disposal, 
but  this  technique  will  not  necessarily  remove  the  odorant  because  olfactory  sensitivity  is  so  very  high. 
An  odorant  such  as  TMAN  could  be  neutralized  by  washing  with  citric,  acetic,  or  some  other  weak  acid, 
but  such  cleaning  procedures  will  add  complexity  and  could  cause  damage  to  components. 

If  propellant  is  to  be  modified  by  addition  of  colorant  and/or  odorant,  the  newly  formulated  mixture 
will  require  complete  evaluation  with  regard  both  to  stability  and  efficacy.  Although  it  is  probable  that 
the  addition  of  Methylene  Blue  to  achieve  a  dye  concentration  of  about  10  ppm  will  have  no  significant 
effect  on  either  the  storage  stability  or  performance  of  the  propellam,  assurance  caimot  be  given  at  this 
time  that  this  is  the  case.  The  use  scenario  for  odorant  containing  propellant  mixtures  will  require 
evaluation  before  more  definitive  plans  can  be  formulated. 
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SMCAR-AEE,  A.  Bracud 
SMCAR-FSS-D,  L.  Frauen 
SMCAR-FSA-S,  H.  Liberman 
Picatinny  Arsenal,  NJ  07806-5000 

5  Commando 

U.S.  Army  Armament,  Research, 
Development  and  Engineoing  Center 
ATTN:  SMCAR-FSS-DA, 

C.  Daly 

R.  Kopmann 
J.  Irizarry 

M.  Oetken 

N.  Kendl 
Building  94 

Picatitmy  Arsenal,  NJ  07806-5000 


No.  of 

Copies  Organization 

6  Director 

Benet  Weapois  Laboratory 
U.S.  Army  Armament,  Research, 
Development  and  Engineoing  Center 
ATTN:  SMCAR-CCB-DS, 

E.  Conroy 
A.  Graham 
J.  Frankel 

SMCAR-CCB,  L.  Johnson 
SMCAR-CCB-S,  F.  Heiser 
SMCAR-CCB-RA.  J.  Frankel 
WatovUeuNY  12189-4050 

1  Commando 

Materials  Technology  Laboratory 
U.S.  Army  Laboratory  Command 
ATTN:  SLCMT-MCM-SB,  M.  Levy 
Watertown.  MA  02172-0001 

1  Commander 

U.S.  Army  Communications  Electronics 
Command 

ATTN:  AMSEL-ED 

Fort  Monmouth.  NJ  07703-5022 

1  Commando 

CECOM  R&D  Technical  Library 
ATTN:  ASNC-ELC-I-T  (Rpts  Sec) 
Fort  Monmouth,  NJ  07703-5301 

1  Commander 

U.S.  Army  Laboratory  Command 
ATTN:  SLCHD-TA-L 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783-1145 

1  Commando 

U.S.  Army  Missile  Command 

ATTN:  AIAMS-AS 

Redstone  Arsenal,  AL  35898-5500 

1  Commando 

U.S.  Army  Belvoir  RD&E  Center 
ATTN:  STRBE-WC 
Tech  Library  (Vault)  B-315 
Fort  Belvoir,  VA  22060-5606 
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No.  of 


No.  of 


Conies 

Oreanization 

Conies 

Oreanization 

1 

Director 

U.S.  Army  LabcMatory  Command  Army 

Research  Office 

ATTN:  Tech  Library 

P.O.  Box  12211 

1 

Commandant 

USAFAS 

ATTN:  ATSF-TSM-CN 
FtwtSiU.OK  73503-5600 

Research  Triangle  Park,  NC  27709-2211 

1 

Director 

Jet  Propulsion  Laboratory 

1 

Commander 

U.S.  Army  Armament,  Research, 

Developmrat  and  Engineering  Center 

ATTN:  SMCAR-CCS-C,  T.  Hung 

ATTN:  Tech  Library 

4800  Oak  Grove  Dr. 

Pasadena,  CA  91 109 

Picatirmy  Arsoial,  NJ  07806-5000 

1 

Director 

Jet  Pix^ulsion  Laboratory 

2 

Conunandant 

U.S.  Army  Field  Artillery  School 

ATTN:  ATSF-CMW 

ATSF-TSM-CN, 

J.  Spicer 

ATTN:  James  Kelley, 

Mail  Stop  125-224 

4800  Oak  Grove  Drive 

Pasadena.  CA  91109 

Fort  Sill.  OK  73503 

2 

Director 

National  Aeronautics  and  Space 

1 

Commandant 

U.S.  Army  Armor  Center 

ATTN:  ATSB-CD-MLD 

Fort  Knox,  KY  40121 

Administration 

ATTN:  MS-603,  Tech  Lib 

MS-86,  Dr.  Povinelli 
21000  Brookpark  Road 

Lewis  Research  Center 

1 

Commander 

Naval  Surfiice  Warfare  Center 

Cleveland,  OH  44135 

ATTN:  D.  A.  Wilson,  Code  G31 

Dahlgren,  VA  22448-5000 

1 

Director 

National  Aoonautics  and  Space 
Administration 

1 

Commander 

Naval  Surface  Warfare  Center 

ATTN:  J.  East,  Code  G33 

Manned  Spacecraft  Center 

Houston,  TX  77058 

Dahlgren.  VA  22448-5000 

10 

Central  Intelligence  Agency  Office 
of  Central  Reference 

2 

Commander 

U.S.  Naval  Surface  Warfare  Center 

ATTN:  0.  Dengel 

K.  Thorsted 

Dissemination  Branch 

Room  GE-47  HQS 

WASH  DC  20502 

Silver  Sfving,  MD  20902-5000 

1 

Central  Intelligence  Agency 

ATTN:  Joseph  E.  Backofen 

1 

1 

Commander 

Naval  Wetqxms  Center 

China  Lake,  CA  93555-6001 

AFOSR/NA 

ATTN:  L.  Caveny 

Building  410 

Bolling  AFB,  WASH  DC  20332 

HQ  Room  5R2 

WASH  DC  20505 
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No.  of 

Copies  Organization 

2  Sandia  National  Laboratory  Combustion 
Sciences  Department 
Division  8357 
ATTN:  S.  R.  Vosen 
R.  W.  Carling 
R.  Behrens 
C.  F.  Melius 

Livermore,  CA  94551-0969 

1  Director 

Applied  Physics  Laboratory 
The  Johns  Hopkins  Uruversity 
Johns  Hopkins  Rd. 

Laurel,  MD  20707 

2  Director 
CPIA 

The  Johns  Hopkins  University 
ATTN:  T.  Christian 
Tech  Library 
Johns  Hopkins  Rd. 

Laurel,  MD  20707 

1  University  of  Illinois  at  Chicago 
ATTN:  Professor  Sohail  Murad 
Dept  of  Chemical  Engineering 
Box  4348 

Chicago,  IL  60680 

1  Univosity  of  Missouri  at  Columbia 
ATTN:  Professor  R.  Thompson 
Dept  of  Chemistry 
Columbia,  MO  65211 

1  University  of  Michigan 

ATTN:  Professor  Gerard  M.  Faeth 
Dept  of  Aerospace  Engineering 
Ann  Arbor,  MI  48109-37% 

1  University  of  Missouri  at  Columbia 
ATTN:  Professor  F.  K.  Ross 
Research  Reactor 
Columbia,  MO  65211 

1  University  of  Missouri  at  Kansas  City 

Dept  of  Physics 

ATTN:  Professor  R.  D.  Murphy 

11 10  East  48th  Sl 

Kansas  City,  MO  64110-2499 


No.  of 

Copies  Organization 

1  Pennsylvania  State  University 
Dept  of  Mechanical  Engineering 
ATTN:  Professor  K.  Kuo 
University  Park,  PA  16802 

2  Princeton  Combustion  Research 

Laboratories,  Inc. 

ATTN:  N.  A.  Messina 
M.  Summerfield 
4275  U.S.  Highway  One  North 
Monmouth  Junction,  NJ  08852 

1  University  of  Arkansas 

DepL  of  Chemical  Engineering 
ATTN:  J.  Havens 
227  Engineering  Building 
Fayetteville,  AR  72701 

1  University  of  Delaware 

DepL  of  Chemistry 
ATTN:  Professor  Thomas  Brill 
Newark,  DE  19711 

1  University  of  Texas  at  Austin 

Bureau  of  Engineering  Research 
ATTN:  BRC  EME133.  Room  1.100, 

H.  Fair 
10100  Burnet  Rd. 

Austin,  TX  78758 

1  Calspan  Corporation 

ATTN:  Tech  Library 
P.O.  Box  400 
Buffalo,  NY  14225 

7  General  Electric  Ordnance  Systems 

Division 

ATTN:  J.  Mandzy,  OP43-220 
R.  E.  Mayer 
W.  Pasko 
R.  Pate 

I.  Magoon 

J.  Scudiere 
100  Plastics  Ave. 

Pittsfield,  MA  01201-3698 

1  General  Electric  Company 

Armament  Systems  Department 
ATTN:  D.  Maher 
Burlington,  VT  05401 
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No.  of 

Copies  Organization 


j 


1  Honeywell  Inc. 

ATTN:  R.  E.  Tompldns.  MN38-330 
10400  Yellow  Circle  Dr. 
Minnetonka.  MN  SS343 

1  nTRI 

ATTN;  Library 
10  W.  35tli  St. 

Chicago,  IL  60616 

1  Olin  Chemicals  Research 
ATTN:  David  Gavin 
P.O.  Box  586 
Chesirc.CT  06410-0586 

2  Olin  Corporation 

ATTN:  Kenneth  E.  Woodard 
Dr.  Ronald  L.  Dotson 
P.O.  Box  248 
Charleston,  TN  37310 

1  Paul  Gough  Associates 
ATTN:  Paul  Gough 
1048  South  Sl 

Portsmouth.  NH  03801-5423 

1  Pulsepower  Systems  Inc. 

ATTN:  Les  Elmore 
125  Bear  Gulch  Dr. 

Ponola  Valley.  CA  94028-7906 

1  Southwest  Research  Institute 

ATTN:  Dr.  N.  Swynnerton 
6220  Culebra  Rd. 

San  Antonio,  TX  78284 

1  Safety  Consulting  Engineering 

ATTN:  Mr.  C.  James  Dahn 
5240  Pearl  Sl 
RosemonL  IL  60018 

1  Science  Applications.  Inc. 

ATTN:  R.  Edelman 
23146  Cumorah  Crest 
Woodland  HUls.  CA  91364 

1  Sundstrand  Aviation  Operations 

ATTN:  Mr.  Owen  Briles 
P.O.  Box  7202 
Rockford,  IL  61125 


1  Veritay  Technology,  Inc. 
ATTN:  E.  B.  Fisher 
4845  Millersport  Highway 
P.O.  Box  305 

East  AmhersL  NY  14051-0305 

1  Geo-Centers,  Inc. 

762  Route  15  South 
ATTN:  Stanley  P.  Griff 
Lake  Hc^atcong,  NJ  07866 

1  Eli  Freedman  &  Associates 
2411  Diana  Rd. 

Baltimore,  MD  21209 

Aberdeen  Proving  Ground 

1  Cdr,  USATECOM 

ATTN:  AMSTE-TO-F 
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Copies  Organization 

1  Professor  J.  H.  Whitelaw 

Imperial  College  of  Science  and  Medicine 
Mechanical  Engineering  Department 
Exhibition  Road 
London  SW7  2BX 
ENGLAND 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it 
publishes.  Your  comments/answers  below  will  aid  us  in  our  efforts. 

1 .  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of 
interest  for  which  the  report  will  be  used.)  _ 


2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.)  _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or 
dollars  saved,  operating  costs  avoided,  or  effoiencies  achieved,  etc?  If  so,  please 
elaborate. _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports? 
(Indicate  changes  to  organization,  technical  content,  format,  etc.)  _ 


BRL  Report  Number  brl-mr-3982 _  Division  Symbol 

Check  here  if  desire  to  be  removed  from  distribution  list.  _ 

Check  here  for  address  change.  _ 

Current  address:  Organization  _ 

Address  _ 


Det^artment  of  the  Army 

Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MO  21005-5066 


OFROAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FWST  CLASS  PEMIT  No  0001,  APS.  MD 


Postage  will  be  paid  by  addressee. 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground.  MD  21005-5066 


NO  rOSTACE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


